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(54) METHOD FOR DECIDING CONTROL CONDITION OF HEAT TREATMENT DEVICE, HEAT 
TREATMENT DEVICE AND METHOD FOR HEAT TREATMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To uniformize the film thickness 
distribution between a plurality of wafers and within a wafer 
surface in the case of heat-treating the wafer. 
SOLUTION: The first setting temperature profile for 
uniformizing the distribution of film thickness between 
substrates (a group of substrates) is decided by adjusting the 
value of a steady setting temperature between the plurality 
of substrates (the group of substrates). Then, based on the 
first setting temperature profile, an hourly varied setting 
temperature obtained by hourly varying the setting 
temperature in deposition is applied to decide the second 
setting temperature profile for uniformizing the distribution of 
the film thickness in a substrate surface by adjusting the rate 
of the change of the setting temperature. After then, based 
on the second setting temperature profile, the third setting 
temperature profile for uniformizing the distribution of the 
film thickness between the substrates (the group of 
substrates) by adjusting the time average of the setting 
temperature between the plurality of substrates (the group of 
substrates). 
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5<d>*v ^tcfewsifi^t©s«^*^a-rsm5©^ 

W£JM> *J:P!*tRft©ra8©£^Cc£jA3ftfc 

m<Dmm*wm? zm 5 ©j^/fifw^xgi £^triB5 © 
• Mjwmgxs <t . mmrn 5 ©iMHfigratc «t 

s^or. gt©g£*Tofci£ic^fteft©si£g¥iy]-cs 

ffi±fc^fiS $ ft &K©ltJ9tf8|Bi— tc ft S ^-ft ^ft©mi 

iBB#KiS3§ia3£iaa©¥^ifii*»iiit. nmLtcw-xm 
05 ©^ias^p 7 7 A)mis.TMt. **«-rs c 

i'C > S«MF«g©Mll»?S©fei-14**.SgSS^Aj:^ 

6. ^©»«©fWC)^^*Sft|5l!gr^So 
[0 02 1] ( 3 ) #2^4CtfcS&aaa|£SB> ^ffig 

or. BatBS^^ttii^-rsjjn^gpi. mtmwLUcm* 
Bf&-r & /c*©toa*'x * MiBMii^rttczgA-r s 
«ASPi. B#ra©Mjia<b^iaai©M«4au/ca:^ 

fiS^a y y A fr-offi3B&m±lcm%Bi$rr 

mriBl^fflaxg*'*j J: o*i?[^aiiixg«Btr©-^»ira 
-C. f?IBB$ffflg{ti9:SSg-C*£J:5fc > friais^ss 

[0022] ^F^tsseaa^^ix-c-swraiSji 

C»-C»«ffiF*9©Sa^*J^i^S„ C©/c*. 0© 
^SiIJS*5B#[a fl«j(c t te & © t % * . 

[0023] ( 4 ) *mnc%zimmxmz. ts^s 

■oX. fJlBS1ggB±©SS»7}j©S^b©^«)©SS{t 
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SSS-c* £ c t <b r£. 
[0 024] B*ra^tK3ejaK*ipg>&i/r-5©Mifflgjfl 

b>TaH^rt®&d&H&#$££&&. C©fc&. IS© 
fi»aMC*«WI WKKfi L fc. fc© £ ft S. 
[0 02 5] 

*#«Rb-CBWK:«9!-r*. HI. ■2tt. **i-e*v* 

[0 02 6] 4MKfll«IHUMyWHra. H 1 tc^ 
rJ:9«C. W;l»*EKrffc6*lfcrt*2a&CW«2 b 
J: 0 ft * ilfiflflllfcORlC* 2 £filA . Sit* 2 ©TSR 
WJK:W^JS«©jSfK©v-*-;l/ K2 l*JRW64lTl> 

[0 027] 1*9*2 at*±*B*JBBPStir*»»). vx* 
&#5hT te 15 . TJaS**^— * 7' U - h 2 2 ©TffiiJKIT v 

x*-ji, f 2 1 ©±i8(c««.tc«^3iirt»*. 

[0 0 2 8 ] HMlBS:ic>^2rtCC«. 12«CStJ:^(C, 
3HR8cW;l«l 5 0t5c©a«4&f^«:^x>>W (S? 

<D9;csmK- h 2 3 HSft 2 4 <D±tCft&ffif (KflM*) 

2 friB"?x^^-h2 3cc 
*>ik&t/-ca*»ft*. 

[0 0 2 9 ] flTfeS#2 4«, 9X/MK- h 2 3£Kl£ 
;U F 2 1 ©TJffigaPSB, fll«Kf&«2 t?x*-A F 2 

1 £-c#&3ftSMffiS£©T^m8B*Kg-raam 

£}#ok©-e*.S. 

[0030] i^&2oj%m<<.i*mzimfflm#<k *) 

^cSb-^3*s^:We.n-CC^. b-^3«5^-g!|gn 
TUT, &b-£3 1 ~3 5M^3>hO-74 1~ 
4 5 {cjrOSfcttl/riMMMrMWCftSJ: 5K«t^tl> 
C©WrttJSJ£:ff2. vx«fc-rt,F2 1, b-£3 

[0 03 1]rtf2aOfilKB, b-£3 1~35tC 
*fIbUr«l«*^©F«gfflfiaS-fe>-9-S 1 i n~S 5 i n 

^iastsnr^s. nmz b©^HK:{*t-$3 

1-35 tCJtJjJU-Cf»m*f^©J1-ffliJSS-fe>1>-S 1 0 u 

t~s 5 o u t Awsnrus, 

[0 0 32] ft«2 a©F*3g|H;J:b-*3 1 ~ 3 5 KttJZ 
LT. S-oomW (V->1~5) tt|X#l,T^;t£C 
<hrt*TS6„ ^L/T, £x^tt^©BBg<**x;teii8T 0/ 
-> 1~5 ) CtSfioCT, 5o©ISSG 1~G5(CE 
#rSC£*n?#S. ftfc, ««gfGl-G5£f**S 




(7) ^2002-43 300 

12 

sbT. ;<^iJ:A.Ciit5. BP*. SIC® 2F^«:IB 
g^ft&iifeK^x^- h 2 3ictggS*i/ci;x^ 

©£<#«, looDA-y^iii, —micmammrt) 

[0 0 3 3 ] fii&©*:x£ Sx^tt, &*©g¥Gl~G 
5tC— ofo (SV r ->l ~5K*tl£;L-C) *x#>}x 
1 ~W 5 £L,TiSH3*lT B|J*>, 

«w 1 ~W5 «*n-ensffi?¥G 1 ~G5 ^f^rs^ 

x;% -C&D. '/->l-5ilJtl(C)lt(cU 

10 C©*x*^x;nW1-W5«, ii^JKfl^x 

^<tpj— ©£x^ (^igft^x^) #fl§(,»6ft. -?-©S 

~W5©Sfiti. SK-te>1^S 1 in~S5in, SI 

0 u t ~ S 5 0 u t ©80£M&>6tttS3 ft£„ 

[0 0 3 4] 7^-JlK2 lCCtt, flf2aWi:^ 
£«*St -5 «fc 5 K«&©#X&if&e#fa:W 6htfcD . 
0 1 -eWffigLh2^:©^»&«5 1,52 £tj*L/T* 
S. &#*{Hyf£1?5 1 . 5 2tc«. #*jifcfi£^;h-eft 
pair h tctb<Dm%. y a - a > |- n - 7 & <£©jifc 
20 flmEBBl. 6 2^^ 

[0 03 5] ItCjfc?-^-^ F2 1 F*3tf2 a 

<t^«2 b tommfr^mtz 2 7#s 

*irt>£. gme2 7©^4 l ^«jsi&«2rt© 
E^*5H^r-5./i:is?)©m tf^' f y -f ^<*^yt*>r 
IBttaiIft£ft$trEEARaSS2 8 WR»6htt,>5. 
[003 6] C©$fS^f^n,a^gt*; 5loe2rt©Kiffi 

#ffl«©aa. sice 2 ©ie*. ^xaEaiu-DfcM 

30 a^-5y-$*$IJfflirS/c:«&©a>hn-5 1 0 Oiffi 

^.rc^. c©^> i-p-7 1 0 otcw, asHz>iJ-s 

lin~S5in. Slout—S5out *^co«iJS 
ft ^*SA^3 3 n> b - £ 3 ©«**U(SPS4 1-45, E 

^pa^sp2 8, ssaiHSSspe.i . e 2cc$uai^#*tH* 
r-s. 

[0 03 7] 031*. 3> 1 0 0 ©F«g§|51f ^© " 

^•^^ b-5f3©$imc^^gi3^©SfiKB*^r^n->i' 
03Cc^rJ:^K:3> 100B, S 

gt^Sl in~S5in, Slout— S5out 

40 i)^(om&mmcm^xtmLtc^^t"t?s.^wi- 
ws ©**ja^©**za@[T 1 c ~t 5 c . mmj&mo 
mmm&T u-ts e^m^rsa&iagjietan 1 

0, ^•tl^no^x^^x-'NWl ~W5©Eb*SRT 1 

c-T5c. ii^asTi e-T5 e^6-en-en©* 

xii^x^Wl ~W5©R^SST 1 r~T5 r ZMtii 

rsf^aascfflgpi 20, t-^^i^onsisT 

1 r ~T 5 r *J<fcO'IS:SjaS^n y y W JUaHgp 1 3 0 
tctati;* *afca3£SS7*n 77-/ ;l/£gtc b - ^©tH^j 
h l~h 5£&5£r*b-*ti};Wft5Egpi 4 0*>6«fiR 

50 Sn^>. b-^ai^^gBl 4 0ri*5£<*ftfcb-2fcH 
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WWmnt lsr«ftMH«4 1-45 



10 



20 



2>h l~h 5B 

[0038 ] !9!5©&K:/P 7 r -OH*. ^(Diiii 
£»IX (^x^W©£>*^Sj&g) £©(«&£* Ofcfc 
©"C*£. C© 10H£E4«:7f;-r o 04 B. *|feBJCC^ 

[0 039 ] (A) B$^lJt OiPh t 1 *rttKJ©tt£*i 
TOfcSfcftTt,*-*.. £©£#. ^mW^L.fc') 
x;^- h 2 0 {rttSftMSlIffU OrtKJKAi**!* (P 
- FXg) . 

( B ) t 1 *>6 t 2 £ -COPflKl. KSSfflttttfilST 
0*^6T 1 *"C-^©U- hr±#-TS (JfSXfi) . 

(o b#5eo 1 2*>e>t 3©r8b. H5©ais«*©**T 

iCLXb *M&«tt©fc«>{C»flE;flS— J6CC te&lt-c&'p 

©u#iw*sa>#>-5. *<Dtcib> •fx^©sa*ss^-r-5>s 

[0040] (D) mat 3*»6> t 4 ©IB. R£fflft» 
tO«S!TlK«fchi. C©itK, #:%ttl&*5 
1, 5 2*6©l3t/^M^.«S i H 3 C 1 2 teiO'NH 

» «(t8^M«ra#>i o©rtgp(c^A$n t wibcvd 

KJ:&S i NJK©JBfiHf**if*>*i$ (J#)&Xg) . BP 
C©«3e«ya^a 7 y -f ^«fiJE)gXg©lffl©S3eS 

( E ) B#gij t 4 t 5 ©HUB. RSaft«ST 1 T 

o s r-je© u- h -cfiT-r z> < p&axg ) . 

<F) B#S8lt 5fc»tt. R!@Bfl[#T0{C«fch4. C 
©£#, 9xr»W«H5H$Lfc2x;-»jK- F 2 0*1*83!$* 

x (t+1) = A • x (t) + B • 
y (t) =C • x (t) +u (t) 

cct?, 

X ( t> 

y (t) 
u (t) 

A, B. C:^n?hnxn, nx r . mx n ©5EK?f 
W 

"CASo 40 
[ 0 .0 4 5 ] SC < 1 ) ^stia, SC ( 2 ) *JtftfJ# 
BSCiPHJIh. * ( 1 ) . (2) *3l3iur«?< CiK: 
«t»). AA'-cfUUu (t) (cStfE-r-SW*-^^ h;Uy 
( t ) C^rti-CSS. 
[0 046] #!U6JI2!S(ctei>T«A#'<i> hJWu 
(t) ttfig*>tSl in~S5 i n, Slout-iK 

x (t+1) = A • x (t) + B • u (t) + K • 
y <t) =C • x (t) +D • u <t) +e (t) 
4il->SCitttl.. x ( t ) 

CCt, t : B#ffl 50 y (t) 



(8) 49M20 02-43 300 
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xmmfri ort*»6«usn* (t>b-kh) . 
[004 1 ] g:SSiS-7 , P7T -OUB. «±©1itcB#ra 
©«»«:»(& t/T ( 1 ) aflE*KSaS©i-*fli«:. 

(2) TOu-F*©fflK©gMt**jfijrr*. *st» 

. U (3) t-*tttafc}^r4*«*©iiJgi55r»*a**. 

temiL/r. B#fa©ig3i<h^x^w©iaK*^ 

[0 042] ^SiSST'O ;UB . -5 X^W©J8Uffl 

(cb. ia^fiS^a^T-YJUCffitcfcJffiSf^MiatPi o 

6 © Am©sf m-^Ms (omxmoxmmmm 

i&tMfcLX&zti-c^z. M«Jl£{*'?tetcS:B&© 
BfKHgXg (*MfifflI«) r * o . imiuvb-o^siE 
lgXg£fa»^£g|S#£j$]g£lgte»g|S (f^iixgia 

MSP) &j:,£c££-r«. 

[0043]I5«, n> 1 0 0teJ:St:-£ 

3©fW^Ji£gtr7P-0-t'*-2> <> C©7B- 

Htci^&NBSKkfeffiF i o©iaKsij^©#jn5ri^Hj-r 

(A)«l07 , d'feX«3W<!: l SS-fe>-^S 
in (Slin~S5in). Sout (Slout- 

s 5 o u t ) <DfflMmn&&8.mjm 1 ioKj;^ts 

*t6tiS (SI 1). 

[0 044] ( B ) S«*aK«t5£SP 110 B. figt> 
tS i n, S o u t ©S'J^f-^^x^x^W 1 ~ 

w5^n^ti©**saT i c~T5 cisj:vjmm& 

T 1 e-T5 eZWM?Z> (S 1 2) . C©«B£(Ctt©| 
f^^Kfc^Tto&ftT^ifclT©* ( 1 ) . (2) * 



30 



C : ^Mhnxn, nx r . 



u (t) SC (1) 

3C (2) 

«S5out ©ffi'JSff #t?* 9 . Ui;*j"<* h ;Uy ( t ) B 
cfifeSJgT 1 c~T5 c*iJ:0-Jli^SST 1 e~T5 e 

[00 4 7]3C(1). (2) tCfc^-C. fifti2>-y-S 
in. Sout ©i»J5£fa*t£tpi*iSgT c . mKSJCT 
eB, ^AtH^©^^*^., BPfe. t-*3©v r -> 

i ~ 5 -?-*T,^4aB*x * x^ w i ~w 5 (otn^mc 

- > © t - £ B £©* x £ $ x^ {c & M 6 ^©*5SP*-^ 

[0 04 81 <m#B5S»i******:i/fc5$ ( 3 ) , 
(4) 



e (t) 3C(3) 

3C (4) 



(9) 



2002-43300 
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D, K : -g-n^nnXn, 
n XmCDje^f^U 



u (t) 
e (t) 

A. B, C. D, Ki^ftnXn, nXr, ra x 
n. m x m 

[0 049 ] mm$i&<D®®1k<X. J: Zfemy 

?>ja, b. c. DZ&tbz^&tLx* m*.am5&m 

i n -S 5 i n . Slout~S5out ©i^fi^S 
tf-fdfeSSlT lc-T5c ts£V®1®m&T 1 e ~T 5 10 

Ma t 1 a b (S3i§ : Th e MathWorks. I 
nc,, ffiM : f h'>*r--M*S;£*±) 

-TSCi-C. 5£i«T?'JA. B. c. D*a»-c»*. 

[0 0 5 0 ] C.Of-itfR.m** k-£3 1 ~3 5©tH 
jjZmilcmtZii, M&i2>V-S 1 i n~S5 i n. 

siout~s5out omifcmnRV'p&mLT 1 c 

-T 5 c *J «fc WaHiSST le-T5e CDB#r^^«)«r * 

T r =Tc • x + Te • ( 1 -x) 
ccr, x:I* (0<x< 1 ) -c*6„ S*x{i. 20 

£&/B"r&. *fl*5K:tt. fi#x«> 0U.tr l/3©ffi 

[0 0 543 (D) b-£tJH:frifc5Eg|51 3 Oft. V(MU 
STlr-T5 r 7 r 4)\,&WXM 

(SI 4). t-^Hi^fllh l-h5(J, 
&T s p 4ft««*T r ©H (Ts p-Tr) (C*tJ£L 
r^fe^.ci*i-c*s„ *^t,H*^au- h^CSS© 30 

[0 05 5 3 (E) t-*Htfj&5£g|Sl 4 Ott. &jfi*8<J 

cc^sn/ct-^a^fiih i ~h 5 £m*$ijffl&4 1 

~4 BtdWHWi^tL/'Ca^l, (S 1 5) . fc-* 3 1 

~3 5-en^ncDffi^j*s$ua$ns 0 

(F) 8^a:/n*:;*a^7l/"Ct,>fttt*i«\ 
Si l(cM-oT^Si*^x^w©Sft$iJta)^tf3*a-S 
(S 1 6) . ftte. CCD^t'^T'S 1 1*6S1 

<©*§^ i#~4#gjs©jg»3-c , ^oii$n.5. 
[0 0 5 63 &^x*mite%z9iWMm&<D®3m& 40 
^■a7T-YJKD9ME^rffi{coi>-ca5^s. see. i&S 

ia6&c^-«fc5K#3%Wci&Si^Sft:/a:7y 
-f JU©&S^JIItt7v£ < 3 rxnifficM) 6ft&. 
[0 0 5 7 3 (A) 1gSjt©»«i¥Gl~G5|ffl©fgJS# 
*J»^ff ft* 1 (DWtfflgJg.-7u 7r-f .rt^&^-f S ( S 

100). ecr»i©W£H0fr/P7T -on*. (KM 

0!l;S.«-€-*ie>©*-$"7x^Wl ~W5»(C& 



T5 cteJcO'JUiSKT 1 e-T5 e©S'JS«. &m*f 

L fc*x # ? i^N*ffll»S c i rtf * -So 
[0 0 5 1 3 3fc&e>ttfcSSStfT?UA. B. D©ffl£ 

tte. a^#fi-r5©*iji{wjfAs. c©«^**>6. 

'P&®&T 1 c-T5 c*J«tCFJilRSST 1 e-T5 e 

©nuns ( o) . (4) zm&Lr&m-fz) tmm 

[0 0 5 2 3 5£8Wt?>JA. B, C, BCDm^am^tl 
K. SC(1). (2) £/ctt5£ (3) . <4)£ig£l/ 
T#?< citcj:*). fig-fe>-?S 1 i n~S5 i n. S 

lout-S5out ©SiJ^fl^^^cf^SST 1 c ~~ 
T5 cfcctCXJli^SeT 1 e~T5 e*»tH-Clr-2). 

[005 31 (o Rm.u&nm^i 2o». tp&um 

T 1 c~~T5 c. JUtSgT 1 e-T5eS»Ctxii 
lr-T5r £J?tBT S ( S 1 3 ) . f^SST r ©fit 

me. m.tf->ir©5£ (5) (c«t-,rtf^.s„ 

5$ (5) 

£ -j7 x;\W 1 -W5 ±^©Bg|lJ— ©Jg/f ®m<DM 

[0 0 5 8 3 (B) mi<Dm£UBL?'u? r J)l>*®JE 
L. Vx.j\ (S«) ffirt©Jg/?#^*J|iif&JJI2©!&5£ 
iaK^CJ^r-Y^^^-rS (S20 0) . CCT02 
©ta^SBC^n 7 r -OH*. fiSMfl#*B$rag:itl9:SfiS 

iLfcfc©?*s. ^©ite*. pi— <Dmmf*j-c%j— urn 
momowMw njtg <t ft s „ 

[0 0 5 9 3 C ©Sfl2 ©I9:^jaig-7'C3 7r-f ;H4. Ifiifc 

©s«sftc*j^ sismat- $ ^ x^w i ~W5 m 
>i*mz-? 6 c t & pjtfe-c * s „ 

[0 0 6 0 3 (C) ^©ia^&g^a^r-Ol-SMglE 
mmm&7U7 ? -< )\>*:ffi£tZ> (S 3 0 0) . CCt 

m i ©^iae^'o 7 t -y fi'ii^iEvxfs 2 ©ta^iaig 

^Q7t -OUA bfctS*. 01 ©iS^iaS^a^r-f^ 
-ceftifc* -5 /cS«PP^r©MJ¥»^*s^-(cft S 

c<t*i*s„ c©/c«6. aifc©*gapfffl©s«wi^(*^ 

x3"i7X^W 1 -W5±^©flgl5]-©JK/!©Jg©JFJj&;£ 
[0 0 6 1 3 (01 ©^Sfitt^'a 7r-{ 

ma) we s 1 0 0 <om 1 otsflST'ci 7 7 ^ ;u©& 
5e©if*ffl*iftBj-rs„ H7«. 0i©iassS7-D7T 

[0 0 6 23 (A) B»r^©g5£iaS7 - u>'T-/JL-K:fie-, 
0 1 ©^*5> ^tc*s^Sffl^t©Sffii¥7!pe,ftS^© 



(10) 



17 



gffi (?x^W- 1 ) zmwMtz (S 1 0 2) . *© 

nfcM©MJi =&«'j^-rs ( s i o 4 ) . m i ©^? ^tc 
fcW-2>Mfc©M£S¥©««9x^W- i«. «*.«*- 
*«J»*^W1 - 1-W5- l*ffl^4Ci*fC*S. 

[0063 ] ^©fasas^n 7 t -c ana#* 
m i ©-jx^w- 1 -c'iu-©fii©^as£ss*ffli> 

So Bf5e©a^fia^a7T-r;u©CTiL/r. 04«:tk io 

[0064] KJ5©a9^CC«^*tfx V 7v A - *3E© 

aw- i ±© i ^©^ftf 5c£4>-e&£#s> ^x^ 
w- i±©aB»©tt3f©flw*«3ei/-c. fw^tt* 
^■n-en©^x^w- i©j§J¥i-r-s.c<t^su^. 

[0065] C©t# ©$'J5&<£© 1 m*m 8 (C^f„ 0 
8t?«. ^X7NW©<£4yfi$©IiJ^.±iA. ^x^W©^ 
* £ Alt £ © *R9,<£© 4 o©#J^ & B ~ E . 9 x ^ W© 
JSIItifi«© 4 -3©«J&5 F - I ©£fr 9 @Br 4 20 
■5x^W_h«:ta!5£b-Cl»£. E. A, * 

A= I Dmax-Dmin I / [ 



12 002-43300 
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a. d. Htt**vwiB«Lfc 



[0 06 6] 9x/nW- l±tc8Sil^*l*S^tCB 
t,> 0 ^X^W©M)S#*© ltateEigjCTjVr. 

^»*»e>*fcjgjp^tp^p i ao-ci^&t*. c c 

■C, Lc«M^©^iifiE|-C*S. C©<fc5&0tK©ttM> 

po ijRw^*©*^? i©^f— mt. ^x^w©ieg 

iKitiil-C4t5CiW>. C©«£5fct§£tt?x 

■a--5>*\ ^St^iifl^AWfig^^X^W©^©* 
*a>e>«to»U MHHlHDtMNAP 0 i— Sc3#5©*s 

!if*u>. err ©wwee©^ vKdA umm 
©*'i>p i £— auro.*, fc©i-rs. 
[0 06 7] ( b > mm b tcm&<m&mffl-cv mw 

- 1 ©M/f^^to^L/ci^Sigfflfc^S^S** 

*«-r£ ( s i o 6 ) . ctutmz.it, ^©^ ( 1 o ) 



cc-c, 

Dm a x 

Dm i n 
>JMB 



■Ji^Wl - 1-W5 - 1 <DWkW-<0')%COm. 



•jJX^Wl - l~W5-l©iJI©5^©l 



[oo68]gffit, tcmmnrntA t®mi, taf^sm t 30 

WWr £ . S 1 0 6 (DWmifi Y esOit ttBfJ&DKJE 
SK?'n7y-0H*<i>IE©:&g#&t,> 0 fi£-3T\ CM 

iio^sa^a^w^tLt, is 1 ©ta^as:/ 

[006 9 ] (C) S 1 0 6©«Wf*SNO©<!:^ti, jg 

•en-eti©»tssp©a« (^x^w- 1 ) «jc(£j®#© 
^g«aa[©jawfeffl*»ui-r ( s 1 0 8 > . ^ u 40 

ffigpra-c>f x/nw- 1 (mix. ti$-)xAwi-i« 

• V = C • exp (-Ea/ (kT) ) 
CCt, ★ T:*6*tag 



(Dmax + Dm i n ) /2 ] 

5£ (10) 

*~W5 - 1 ) (ommzmz.. mmmmcomm^^- 
[0070] c©itr«s-r^x/\w- 1 <Dmm&£<D 

■WK»A4*»*J»Be3tl4. JiAS^SetSH^D t 

wi -1-W5 - i©s®i©¥^)fit*t«fflurfcAu. 
[007 i]*i/t. commmmD t i-eti-etvDg 

«Sff©Ox^©fliJlD 1 (mi*. *x*?x^Wl 

- 1 ~W5 - 1 ^n^ticommD 1 1 -d 1 5 ) <omm 
mt<Dm*s£vmm&m.mmcg<K>?, ^x^w-i 

©fi/PD 1 *@^0J1D t K^S-ttifcfcKsfcSKc-e 

n^n©^s:^aST spi (Tspii~tspi 

5) 

[0 072] ^tc. JBIJ?aS^»ico^rsi^-rs. m 

m<Di&&mm. u&mmm v«. mifcvo (Che 

mical Vapor Deposition) ©J; 

^®«3ljt^«:*j^r« t TI2 (20) jzommttm 



^ (2 0) 



Ea :S14^ti^;^- ()i&ig:/o-teX©@ffi&cJ:-,T 
^*-SS») 

k : iJ?JW>v>fi» ★ 

(aV/aT)/V= (Ea/ (k • T" 2) ) [1/*C] 5£ (2 1) 



[o 073] a (20) ^aST-e^es^-rsise (2 
i ) *iff 6ns. 
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cct, OV/3T) /vtmmummmsv&t), *ntEiM«s <= (av/an /v) ^ $ 

?£14<bx*;t^-ttJ&M^a-fe;*©aS. tfSiU*. [0 07 4] 9x^W-l©S 1 0 2fC*jW.*,5£Si&£ 

Jgl&^S i H 2 C 1 2 *$<fci>'NH a *>6©S i NHM<D MBLZT 0 . 3x^W- 1 ©H£/?£gMilJSD t &C— & 
^fiROJ: 5 ttSfttHIfCJ: -?T5£$ 0 , C©#jr« 1 . t •&©K ! #g&S?!?iS:5©aa£T s p 1 its. C©<b 

8 [eV] 5r«t€.C<!:*ift]6nri,^ 0 fcUKDJ^tC, &©iUISg&2&S (= { 3V/JT} /V) {*, #© 

SC (2 1 ) (CtSSKbx*;l^-E a <Lii&*ttaSlT£ttA* (2 2) tcj: ot^sns. 

S= (D t-DO) / [DO • (Tsp 1 -TO) ] SC < 2 2 ) 

[0 0 7 5] a* (2 1) i5£(2 2) €911>&U 5£ *T©5$(2 3) 
(2 2) ©lft»«ftT*ffi*RJE«STO 4«< <h. «*10 

Tsp1=T0+ [ (Dt-D0)/D0] • [k-T0"2/Ea] 

- SC (2 3) 

Ea, k. TO. Dt. D0«, gE^DT* 4 *> 656^19: ★ [0 07 8] ( D) &iEStltc&%m&-7U7 r A hK. 
3©SKT s p 1 *>£&>?>t±&~e%2>. M2©^-i-^(C*jW-5a^©Sffigf4C*jWS 
[007 6]-eur. <t>x."W- lmiClHtbhtitclZm ^^^W-2(Dfm$S^ft^ (S 1 10) , 1fi»©g« 

s^sst s p i tcm-n^-c&imgLzfa v 7 -j^zm f¥©?x^w- 2±<,cBfSi2titc.m<Dmmz®]fe-?z 
je-t*. fluEsnfc^ss^p^T -f^omai o (s 1 1 2) . fit, «y^L/c«ifc©siKgfiH!-e©>} 

iC^t". S10 (A) ti^iESn/c^fiS^a^T -C i^W- l©^^A^Jt.^L/cf^ttHtC***i 

;l/©lM4«ti/77t*i), 010 (B) BC©i* 5*>*W»rr* (SI 14) . COmBM. BJlffl'JS. 

©J£fltKJ@BST s p 1 (omt V x/MO{4g<h©IW&© 20 gftgSSHrtWBrttS 10 2. S 1 0 4 . S 1 0 6 -ilBjfiS 

\ffl*$k.\sicV ; 7-?'C3bh. *-^^x^Wl~W5^ left Hi*-Ct5. SI 1 4©|«i*5Ye s&6> & 

*ve n©fiSj®4i (^jt 3~t 4) ©sf tSiaaT s EL-^t siaa^n? 7 >f 1 ©tsag^n^ 7 

pl©®*^ T (1) ~T (5) iftoTO^C -OUi Sit 1 ©t^SS^n? r ■< )V®ftT. 

[0 07 7] C©^-C(i. ^)f)inWl~W5©S [0 07 9] ( E ) S 1 1 4©¥Wr#N o X-$>Z>t£P>> 

Stl^fiS T s p 1 rti-e-ft-eftT ( 1 ) ~T ( 5 ) «:§ij IS l ^{CfcWS^x^w- 1 fcJ;0 ; UI2 ©;< s» ^ 

^■r-s^j ( 1 2 ) *m— ~c$>k> . g£c^n^n©*x ic*$tt5?x^w- 2©MJi©i'j^*s*(c*-^tM^a 

£9x^Wl~W5©23£fbB#|tl] (t 3- t 2) *5|bJ- JSW L/ ( S 1 1 6 ) , C©»WffltcS-^#-?-n 

tUr>X^Z>. LfrL. fften© 1 ? x^WT^-fblfiJ ^©atESftCteWS^x^W- 2«io8ffi$#©J£1tS8! 

mifc&ri/tn— cft<T*>ttL3t*<rt». * 30 muK/om^mutmar^ (s 1 1 8) . 1? 

^.$r5 X ^ wl ^ W5(D ^ja3ES (liable) *i|B]— /d tHLz/cSm^SSfcS-^c^rtaSSS^a^r -(;u*i 

p 1 ^-enenT ( 1 ) -t ( 5 ) tcmm-rzmm ( t [ 0 0 8 0 ] juv^^fejca^m^^offfttii 
2) 5*^^*). t£oT-en-en©*x£.i7x^wi--w aroj: siclx nhtiz. i sco^r, ss2© 

5(COC>T£S{bB$fffl*W«cSC.i:K:ft6. £"©*x£ ^yf(C*W51SP©^XAWi-2. ^1©^'^^ 

•i;x^wi~w5rfc*&fiaw±©ss{tB#ra*5<!:n {c*m .*>»£#©•?> x^wi - 1 ±-enf *i©jkji£d 
n«. fis«g*©sft©^^t*0s^^tig©s^ 2, Diiu c©<h$©5£sta5£?fia£f n-enT 

e.UT3<t»-C*S„ g-T?.«cS^^©W^XS 2. TliL/, ^X^W-2©)gil*gSMilD ttc— 

f*©ia^sa^a7r -f^^^o-cb^L.s:^* 40 [o 08 i ] mmm&mLS (= (av/au /v> 

★ ©*a"jfiiw«T©s; ( 3 o ) -castis. 

S= (D2-D 1) / [D 1 • (T2-T1) ] S(30) 

S= (D t -D2) / [D2 • (Ts p-T2) ] 5£(31) 

c©5$ (3 o) £ (3 i ) zm±2azc±v. jWJtt ♦ 

jeJMBEjSUST s p £»Wr*55 (32) &igffl-C# ♦ 

Tsp=T2+ (T2-T1) • ( D t - D 2 ) • Dl 

/ [ (D2-D 1 ) - D2 5$ (3 2) 

[0082] (F) *©ss 1 1 o~s 1 1 8&m*)'M •& $ rs»^3£?aa©stm (m&umya ? r a n><D& 

3n»«S¥ra-C©-?x^©agJl^*5|^|6HWrt«:& 50 IE) Wfttoti. ^<D^mi<D^U&y'K3y r 4)\>ft 
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[0 08 3] (m2 0IS^?aS7-p7r-f^^XfI© 

urn) ^«c. 06tc*jwss2 o oco^2©^aa^ 
tarsus t/p? r ■< )\s<D&%mwD$$M*m.t? a-m 

[0 084] (A) SSil©IS^fig:/n:7T-OUCfi£o 

(S20 2) „ *©f&. 03©M' 5 ,5 i (C*JW^'i7X^W 
- 3 ±(CJEsj£;» nfc^©^J9?:S'J^-r S ( S 2 0 4 ) „ 

c© t £ « ? x;nw - 3 <omn<oim-^<om— it* m 
Wi-rsfefe^-rofc^x^w-3* mssd&m-? z>&& 

impimm-fmom— \ t*0 s ©*^bi© @ ure * s *> 
mfo$t<,cmcxv2.»w- 3 *ii^ffl^-r^-©-e*a 
-efncfctUT. «2©ta®ag:7-ci7y-oi<£&5£f s 

[0 08 5] J^Tli^O^Ofci&tC^x^W-Ste 

D= a • x " 2 + b 
CCT, a. b : 5£grr<S>£. C ©5$ ( 3 5 ) xmffi x 
© 1 ^©^^^©l*. ^©S^flJfts^x^cDctJ/fr 

[0 08 8] COJlSa, b«m{*S/h2^ffi*^C^ 
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*MS$.y'n7 r S 1 0 0 fc<=t ^TifcSSft/cl^ 

SS^n^y -OU£<£fl§-f &„ «S^©iiJSCC«t«|^tfx 
U7^-*^©M/I»J£S£/Bt>£C<h#Tt.*>„ M 

il©i'JS«. ^x^w-aioiscSiir-clT^ c© 
£ £ ©«£«. W*. «0 8 Vfn Ltctp *ia^©«iK.^ 
A. **iJSIi»©*ia."S©4o©i!)3S*B--E. Jli^jfi 
ft®4o(0teF- I ©^lt9@Bf4^:S-C#5„ 

[008 6] ( B ) MfeLtcV x^Mftommftftam 
gf5Hrta>5#>a*f3jiitf 3ft& ( s 2 o 6 ) „ m 1 2 

10 (A) «. ■fx^W-3±©)®JSl!|^if^CDim^x 
y\W- 3 tp**>6©SE8t£ ZHfcLXmLtc?? V X$> 

!008 7]112 (A) ©1ff^*^xyNttJ^6©8g 

i'JS*«:<to-r^©^^7U/*ti*s*s > c© 
y ^ 7 -e« v x.^m±.<Dmm d * cb^e. ©sb» x © 2 
^Mi^i b-c#©5£ (35) ccftoT^oro-s. 



5£ ( 3 5 ) 

^-cstwraciAi-c^s. *©*S^. ^x^W-3©* 
*-C©M/ld0, *fa."±i (**<t^©cti|a) -c©mj? 

di. mmxvmmd 2*&.mx'%z. ^ux, ^ia 

Wf*i<Dmmftl6<D*:Z £ Z$i-?&tLXJK. (10) £151 



A= I d2-d0 I / [ (d2 + d0) /2] 



•5$ ( 4 0 ) 



[008 9] (C) S 2 0 6©fl»r*iY e s mMMS 30 

7jMzmiE<D>jmfttj;<^ *©**m2©^se^ 

a7r-fAiltm>. — S2 06©|l»Not 

*n« t )®J¥ias^©aii<ii?rffl^t:. ^x^sft-c 

(S2 0 8) . 

[00903 >}x7nw- 3mnxim^^\mri>(o 

ffirt©KJl^©^-{t*ioJ#6-C*a„ 40 
<D •?x^Mrt-cSJK»7E*5*SC<i:(cJ:.2,fe© 0 
© ?x^ffirtr&g#*©?gg#^ai*S3rfig#;ft 
feW©SH «:«£&&©„ 

[0 09 1] gBOH*. &»©<}; 5 B$IS^tl85£ia 

mzmir i>c txmm°it&x$>2>. mmoi*. mm 

C £ X-f? x<"«WWcBI*r £&g#*©?&g:MgTU 
L,-C0(^.i3f^^b^SII©^ia-c«^ii^x©?8©K: 50 



j; ^*aa^x©rga^t«/jN5 ^©-cisit^©sH £ 

[0092] c ©gB©*ittjgix o i& < c t immx& 
v*^mn<DumftK*%m-?&ctxmmft*ii 

(B) 012 (B) U^s.^CO^tftP 3 (DWm. 

tw-H}umt<Dm%im.-rif : yvxibi> Q m\2 (a) 

otiTJSOttor^sotcWbr. 012 (B) 
$iia£#'t , 'i>a» 6s«{ciAi*>^ Kotitgr l-c c » .s., 

012 (A) ©^^©IgJlilJ^jSlfiJOjaS^* 
[0 09 3] ?x;nW- 3 fflrt"C©K/P»*l*. «±© 

[0 094] ^{Cffirt®/l^?r^— it? ZtciblC&gi 

mommy-® (w-fyum fc&^xnmzt*^?. 

EiF«9©-?-n-e4a©@§T{C*sWSipte|SS«cS^^-Cft1- 



m • 
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it-rztctb, mnmnwnm<Dei&u- t-zmmftic * [0095] vx-"±tcBi$,2ti2>m<Dmmmz> mm 
-r. * 

D= 5 . . ' • V (T) d t 5$ (5 0) 

cc-c, J :«#I2-Sf SK-e**. 

t s : amiMOMt&mn [0096] j&mu- f v (t) a,x&. ( 5 1 ) ©<t 5 

t e : f&mJMoMTftffl {CS&©5g&flT 0 fMPgr* 

V (T) : fiRJSU- (i&gT©IW&) * 

V (T) =V (TO) +V 1 (TO) * (T-TO) 5$ (5 1 ) 

VI (TO) : dV (TO) /d t (fiSJSU- hV© [ 0 0 9 7 ] ( 5 0 ) tC5£ ( 5 1 ) 4R\TS t'A<D 
mmt%&) ★ SC ( 5 2 ) jfttiffttS. 

D = V (TO) * (te-ts) + V 1 (TO) * $ , . 1 • (T-TO) dt 

•5$ (5 2) 

cc-c, uttTo^nT^ft t (Av) *#m« (5 3) tcfco^M-rs. 

T(Av)=i.,." T(t) dt/(te-ts) 5fc < 5 3 ) 

[0 09 8]fU, 5£ (5 3) "C. TO = T(Av)* ♦ifc< £#©:;£ (5 4) *Jf#£*i,S„ 

D/ (t e- t s ) =V (T (Av) ) 5$(54) 

CCt, 20* ['0 0 9 9 ] (jSMtfO^iaKcDBtra^fii 

D/ (t e-t s) : ESJi*K*JW^,fi£fliU-KO¥^ (¥^**MK) Tc (Av) £ Jli&SS©^^^© 

f (?M)SU-h) (V$JMt&K) Te (Av) Wncit?, ?x. 

IP^. 5$ (5 4) «, fiSlg'l'KSga^lHrf 3 ^BSrtJ«/¥#*©i$— ft£0Sc<t3&sr&£. ¥ 

»£©¥i$fifiBL'- M*. ¥-iS)U&T (Av) W^jfiaTc (Av) tW-^mmU&T e (Av) {* 

Tc (Av) = |, , 1 • To (t)dt/(te-ts) SC (55) 

Te (Av) = !, . 1 ' Te(t)dt/(te-ts) 5£ (5 6) 

[0 1 0 0 ] ?*^V/-3<D¥-i$)<P£:U&$:Tc 1 . ¥ * T c 2 ) l,ZWF<D£ 5 K^HreS S. 

*fciaiia**T e i , ^©mji^d c i . mu<omm [oion ux-^'P^ommus.m^s c, 

%DeliU ^iAW-3©SffiMDt, C©<t 30 JH*©g|J*a&ffft£ S e . cne»(*fc(T©^ ( 5 
#©^cfJ*ag^Tc 2. ^iMi^jag^Te 2t-T 7) , (5 8) KJ; -?-C*3*l£. 
&„ ■TS<i:a«<!:-r'<^MrtiaS^AT2 (=Te2-* 

S c = (D t -De 1 ) / [D c 1 • (Tc2-Tcl) ] SC ( 5 7 ) 

S e = (D t -De 1 ) / [D e 1 • (Te2-Tel) ] ( 5 8 ) 

[0102] CCC, 30 = 36 = 5, 

D t = 2 • Dc 1 • D e 1 • (Dcl+Del) (59) 

£*}<£. 

Tc 2 -Tc 1 = - (Te 2 -Te 1 ) S (60) 

[0103]S(57)K^(5 9), (6 0) *ttA 40 AT2 = Te2-Tc2: aatt^TOIrtiail 
1^- £fc<<t. g«£-r£¥^ffirtSKgAT2«#©5!C 

AT 1 = T e 1 — T c 1 : ?x^W- 3 ©¥*3®F*Ji&a* (6 1) -CJtSttS. 

AT2=ATl + 2 (Dc 1 -De 1) / [ (Dcl + Del) • S] 

S(61) 

[0104] S©tlf&ffitt. S(21)<fc* ^<3^©SC (62) t?«3n5. 

S= (Ea/(k-T"2)) [l/'C] S(62) 

Ea, k,)!UIDcl. Del {£JJ£fc0"C$> K) , fcfifcHSK [0105] ( D) StffiL/cffiF^iaS^AT^StCB#ra 

T^r^i^W- 3©i$5©agT s p 1 ©B$|ifl¥iSjfilT s gfbt^fiK©B$ffl^ie*J|?ffl<*ftS (S 2 1 0 ) . * 
pi (Av) itiiS (6 1), (62) JcOgtgi UT. C©0$fig^i2£atem ©t^SK^n? 7 -f ->U 
■TS¥^iSrtaSMAT2^ttirt?»o SO *i(gIE;**ia. 



# 
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[0 1 0 6 ] ST. B*IH0EftlWe^©flUBKJ:oT9 

x.^mftnm&ftfizmffl-zimKctzmir. 013 

(A) «\ S3£zaSTs pi-jmo^iagoifi^i 
STc, ■) x^ilMf a$©M#SST e ©KJlW^fbSrSt 
t/fcy77T*0. 013 (B) tt^x^Mf*]©©*}?!! 
SiAT ( = Te-Tc) O^mt^htc^f^yQ 

[0107] Cft^©^?^ B#£lJ t 0*>6 t 1 ©^ 
MXH t B#^lJ t 1 6 t 2 ©|«XfI. B#glJ t 2 #><=> t 
3 ©SSXfl. V0M t3*6t4 ©^jSXfl. I$lt4 10 

«P3©?©&x*i&ce:#-c£-2> 0 -eur. gaigteici! 

RfllEf biS:5£Slg©£Ji2©IE:§l <t MrtSKM©iEft «*f IS 

[0108] cojaK^ifflrtfiKiKoM^tt^x^ 
wasfsn u fcttsst?-e©jii!i#s t - * 3 1 — 3 5"«c*f ft 

te«£ifc < fc9kM&3n-£r<. *AjwuiLt»r<i>tt«t 

ti. a 1 2. At3. At4) «&£&©©-eft-e<tt 
oT.m'p-cimttmmm-mmAT 1 t?*£c 

[ 0 1 0 9 ] 0 1 4 «. vtism&akit* < = d t s p 

/d t) iMWSSMAT ( = Te-Tc) ©IS^St 

i/fcW7T*s. a:^aa©^t^ (ia^as©B#ra 

4315) iffiF«3aig^WSliJ:b0IJ-r.SC<hd5*tJS. fltt&a 30 
-h) -01^381, C©<t£©ffiF*9SggAT 

[oiio] fiLb&»&. i^neE^RsaKo^iG^b 
r scitcctorsa^ (ffirtsanAT) ©*/kr 

tfjEfifcJtUeP'C * £ C <b j&apjo fc. C © <fc 5 K:h5j£©0 
1 4«D^m3E{bR£aflCO«)EdT s p/dt iffift 

iaenAT©ra^*ffli>-r. jmjLfcsgwwrtSttiiA 40 

T 2 *>&B$fH^bi83@aK©$Jffid T sp/dt iwm 
"CSS. 

[oiiij*lt, sa^nfc^^titfiso^ 

i>, comzm 1 5 &cair„ 0 1 5«. i &mm>%\ © 
ia^fflg7*o7 7^jhsp2 ii&iEwmm 1 ©ases 

T -OUT s p 1 tmtLr7jkLtc? ; 77-C& 
4>©i93£jag©¥^Jfii«^iE©Bg^-Cft-©agT2 <t 50 
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uri>-5„ ens. ^x^±©jgjp©:qy$)<ji;£:^{b$t»- 

i^C^cfe-C*!), (5 4) -C^Ofcct^SCMOfiRSjl 
S©B$ra¥^lWiaS©B$Pi2pi6)-CS* £ C £ K«-3< o 

[01 1 2 } ifii ©Rjeaa^n 7 7 *©«uEtcfcfc 
fiXMmrf^©^m*^Mk$-i+rfe^u 

- h . &M.vffl> £j£<mr$ (t3-t2)#. mzm 

[0 113] (E ) ttjEfftCBflU ©SSIST'a? r-C 

jwese^r. ^4©A 9 ?-K:tews'5x/\w-4*«i«i 
so (s 2 1 2) . 9x"w-4im®wv£ffi*me 

r* (S 2 1 4) . -eor. ffl>J^Lfc-?x/NW-4MF»g 
©JS/»»^**^©H*^S3!p*»*iJ»r3*i5 (S2 1 
6) . 

[ 0 1 1 4 ] 0 1 6 tt. 0 1 5 tC^L/clS^iS&^a 7 

&0Xi,*Z>. 016 (A) w, Kjesaai^x^^ia 
&©<£ *sst c . v x-^mmvmmM&T e ©B#ra^ 

<b£. 016 (B) tiiSg^AT ( = T e - T c ) ©B$ 

[0 1 1 5] B16 (A), (B) K^r<fc3(C. B#^IJ 
t3*f>t 5©lSMcfJ (^MSI4«) ©2xmW-4«:£ 

x^Mfi^ia#©cfi^jaaT c*^igya^©^aaT e 

«fc')ji)< &o-ci>5„ cntigtcc^fc«t5K:B$ra^{b 
^Sjeic^jf3*s*SC£{cj:^ 0 COi^tC. S2 0 
4-CIiJ5£$n/c)gJl^flJ£«jS!©iaS^ (feL/. w- 
3*5rt3^j:r)^-rj|gj5^^ wna W-4r«** 

- 4 MftfOM/l^O^I-fb^SS C <b 5. 

[0116] ,x&m 1 ©tffigT'ci 7 r -f jkc0 1 5 

£teft}<DfeiE$:MX.tcmZ7r;-?o 01 7«. »1©SS 
Mt'D^t ■Ol^feiETZVkK.m 1 5 iiiESJ^Ig© 
mr^©X?i?r^^.fc^SS7'o v 7 -Y;bic*}WSiaa 

©KSFfa^fb^iKr 017 (A) iz%t%.umty3.j\tp 

*ififil©cti*SKT c . 9 x^ Jli^©Jl^SaT e ©B# 
fflmtZ, 017 (B) ttfiKMAT ( = Te-Tc) 
©l$R8^<b£ 1 PS<!: L.t«t^57-CftS. 
[0 117] CCT«, BSISXg (^Jt4~t 6) © 

Hfr^-e-n^n^c^sxs (^j t 3 - 1 4 . b#£ij 1 6 ~ 
t 7 ) *jao. B#^ijt 7^*^S{bxs<b%-,r^ 

So C©JS^> ^l©S^bX@ (^Jt 2-t3), 

»2©s^bxa (mmt 1 w& vwfeu&tfmj: 
m (Bfgij 1 4~ 1 6 ) -c<o&mmB.<D¥-m±iVT 2 <t— 

< £^MHXS©HJSS<b*0SC<!:3!)S-C#S. WAS*. 

c t-c, ^tv j e t n©^*aaxii4tB5K:iE:)3ijL^T< <c 

C©J:^«c^XH©BiJfa(c^©Xg?:^ftnL,-C 



(15) 
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i$mxmc^7i.z®m&*s < avttntm 1 owes. 

[0118] (F)S21 QO^m&Y e s &<E>. «IE 

Ltcm i ©wesfl^o r 4 juaaraossaut^a 
[o i i 9] fiRiBKDggj&t^ra^tssssogi 

*fr*tRI*«:ftbtiA:IS». HI 6 (B) &C7jrf cfc^tCBX 
]&©tfj»l ( t 3~ t 3 + A t 3 ) raME5W&tcaw»fc 

£#ta#* ©wAVfiRwonj&Ks* t x>p i,mmvc 

IW*Ci*«. JfcI8^#©Jg©i$>-&Jdig*HS± 

[0 12 0] (G) S 2 1 6©«»r**Nor&*&fc» 
3 ©>< f g=-KlteW-5 ^ x;>W- 3 teiO'fS 4 ©^ ? 
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